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Abstract 
 
The education goes from its utter beginning through some changes whose momentum factors are the needs laid on the individual 
in a relation to his/her integration into the society, the living in it and its prospective development. During the historical 
development the needs change as well as the social values, therefore during the different historical eras it is possible to encounter 
differently focused education emphasizing the physical development, the artistic development, the acquiring of the vast amount 
of knowledge, the development of the manual skills, perception, thinking, and the possibility of applying the acquired knowledge 
in the common life. The current social needs emphasize the education of an individual (with the creative thinking), who is not 
only able to find the problems, but also to solve them effectively. He/she should be cooperative, active, competitive, but also 
tolerant and defending the weak ones. The article reacts on the tendencies in the field of education, obvious within the 
international context and manifesting themselves in the use of the inquiry-based instruction. Furthermore, it is focused on the 
description of the development of the pupils’ competencies focused on the problem solving in a relation to the constructivism. 
These competencies are often seen as the non-linked to the particular subjects, or as competencies superior to the subjects, 
however, used in the concrete activities. During a life, people have to apply what they have learned in the new situations, and for 
that they have to master the basic thought and other general skills which are essential for the individual competencies for problem 
solving. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Introduction 
 
For the current definition of education, there is a typical requirement of the proactivity and of the applying of the 
modern methods and approaches. The educational activities, which are supported by the modern information and 
communication technology, emphasize the innovative approaches that are close to the current youth, and they enable 
to master the relatively broad fields of the information, knowledge and skills. However, this definition in the 
 
* Jiří Dostál. Tel.: +420585635818  
   E-mail address: j.dostal@upol.cz 
 2015 The Authors. Published by Elsevi r Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Academic World Education and Research Center
593 Čestmír Serafín et al. /  Procedia - Social and Behavioral Sciences  186 ( 2015 )  592 – 599 
functions of education requires nowadays restructuralisation and reconceptualisation with an accent laid on the 
changes in the fields that represent the obstacles: 
1. the educational systems as a whole – e.g. Illich (2001) suggests to “school–off” the society and to create 
education as a self-living and self-feeding organ,  
2. in the coherence of the elements of the educational system, 
3. in the personality development,  
4. in the preparation for the job execution. 
 
The generally accepted aim is the effort of the effective education of the current young generation in all stages of 
education in order to give the pupils knowledge and skills needed for their personal and civil life within the modern 
society, and make their knowledge helpful for their future employability on the current and even on the future labour 
market. The strategy built on this vision should relate to the pupils and students in all stages of the educational 
system, which means from the pre-school to the tertiary education, and therefore it is needed to ensure that the 
educational system generally creates safe and stimulating environment which also motivates the children, the pupils, 
the students and other participants of education to learn during their entire life, which is also mentioned in the 
Strategy of the educational policy in Czech Republic till 2020 (Strategie vzdělávací politiky ČR do roku, 2020, 
2014).  
One of the main instruments to create the challenging and stimulating environment is, in the international scale, 
understood as the inquiry-based instruction and the realised problem solving related to it. The significance of the 
development of the competency for the problem solving was also noticed by Lesh and Zawojewski (2007) who state 
that the highly developed ability to solve problem situations enables further education, successful integration in the 
society, and it is necessary for other personal activities as well. People have to apply in their life something, what 
they have learnt, in the new situations, and for that they need to master the basic thought and other general cognitive 
skills that are essential for the individual competency for the problem solving.  
 
2. Constructivism and its image in preparation of the future teacher  
 
Constructivism is usually understood as: “A broad stream of theories in the behavioural sciences and the social 
sciences emphasizing the active task of the subject and the significance of his/her inner presumptions in the 
pedagogical and psychological processes as well as the importance of the interaction with the environment and the 
society; in this meaning is the constructivism also the interactive theory overcoming the one-sidedness of the 
empiricism and the nativism. In the field of didactics is one of the current dominating paradigms that dividing itself 
into several ‘streams’” (Průcha, Walterová & Mareš, 2001). According to Tonucci (1994) is the constructivist 
school, in which the child knows and comes to the school in order to think about his/her knowledge – to organize 
them, deepen them, enrich them and develop them – within the cooperating group. The teacher ensures that every 
pupil can reach the highest possible level (cognitive, social, operative) with the participation and contribution of all 
the others. Intelligence is a certain area that modifies and enriches itself by the reconstructing. The constructivist 
definition of the instruction means mainly the pupil’s inner motivation to learn, the pupil’s active constructing of the 
knowledge, the learning with thinking, realizing the thought and educational processes, the individualisation and 
differentiation in the instruction, and a social context of the learning – the interaction and the cooperation. In the 
constructivist definition of the instruction, the role of the teacher is changing – he/she becomes a warranter of the 
method, not the warranter of the truth. The teacher becomes a facilitator of the pupils’ learning, he/she helps the 
pupil to find the effective approaches to the learning, i.a. with the use of scale of the activating educational methods, 
which activate mainly the thought processes of the pupil, and the cooperative strategies of the instruction. Bertrand 
(1998. p. 76) states that the pupil should strive on the active work on his/her own cognition. In order to do so, it is 
useful to motivate him/her to be attracted by the question that we want to pay attention in the instruction to, or at 
least to enable the pupil to participate in its formulation. A certain scale of the authentic confrontation is therefore 
necessary. These confrontations have to convince the pupil that his/her existing concept is not suitable for the 
solving of the certain problem. The constructivist theories are not based on the knowledge transferred in the already-
done form, but on its creating (constructing, reconstructing) by the pupil.  
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The basics of the constructivism in the professional (educational, school) practice can be fully identified with the 
process of the active constructing of the knowledge through the own activity of the pupil and through the sharing of 
the cognition with the other pupils within the group. According to Nezvalová (2005) is the individual creating the 
new experience on the basis of the previous experience, and in the mutual interaction with the environment. By that 
is the scheme created that enables the understanding and the inclusion of those new realities to the previous 
structures. As the main basis can be considered these theses (according to the abovementioned author): 
1. The knowledge is constructed actively by the learning individual. 
2. Learning can be either of the individual or the social matter. 
3. Learning is the auto-regulative process where every individual learns in a different way and according to 
his/her own possibilities considering the external circumstances. 
4. Learning is an operative process that enables the individual to understand the world. From the constructivist 
point of view, the equilibration leads to the stability and the inner consistency of the system of knowledge.  
5. The cognition serves to arrangement of the experiential world, not the objective reality. The aim of the 
learning is to lead up to arrangement and to understanding of one’s own experiential world.  
6. The reality represents interpretation. The pieces of information are absorbed by the individual and they get to 
him/her through their own interpretation, i.e. not as the intact “truth about the world”. The truthe about the 
world is created by the individual himself/herself and it is constructed intristically.  
7. The learning is a socially-contextual activity that is developed in the stimulating environment. The 
reconstruction of the inner cognition and the discovery of one’s own schemes can be reached with a support 
of the others.  
8. The language plays in the process of learning a significant role. Thinking is taking part in the 
communication. The constructivists emphasize the role of the language as an instrument that enables the 
creation of the links between the already learnt and the result of the learning so the process of construction 
itself that results in the individual cognition.  
9. The motivation is the crucial factor in the learning process. The rewards and punishments are considered as 
the external motivating devices, crucial motivating source is, for the constructivists, the inner (individual) 
need to understand the world and one’s own cognition.  
 
The ways of the undergraduate preparation and the content of the disciplines on one side, and the ability of 
teachers to actualize the submitted subject matter systematically and intelligibly on the other side require from the 
contemporary teacher great professional and field-specific-methodological preparation. This can fulfil only the 
highly competent teachers prepared in the principles of the modern pedagogy, where also belongs, from the current 
point of view, the abovementioned constructivist approach.   
The claims on the competencies of the teacher are growing with the number of disciplines that are considered as 
relevant from the profession’s point of view. The teacher has to be prepared professionally not only in theoretical 
and practical level of education, but he/she has to be a psychologist as well because the study (mainly the study of 
disciplines of the natural sciences or of technical matter) are high intellectually and manually demanding fot the 
pupils, and it is up to the teacher how he/she combines motivation with the individuality of the pupil.  
Vašutová (2001) mentions the professionally subjective competency as one unit in which the teacher should have 
had adopted the systematic knowledge of the subject in depth and content that corresponds to the needs of the 
instruction on the basic schools or high schools. Furthermore, he/she should be able to transform the knowledge of 
the related science fields into the educational contents of the subjects taught, he/she should be able integrate the 
interdisciplinary knowledge and realise the interdisciplinary relations. Additionaly, he/she should be able to search 
and process the information with the help of the modern information and communication technology, and he/she 
should be able to transform the methodology of the cognition of his/her own subject into the way of thinking of 
his/her pupils. This competency gains the future teacher by studying of the qualification subject and its 
methodology, the didactics, the pedagogic psychology and informatics.  
The practical competency is closely related to the field-specific–subjectional competency which emphasizes the 
specifity of the instruction of the natural sciences and the technical subjects that manifest itself by the connectedness 
of the theoretical knowledge to practical (experimental) verifying of its validity. Therefore is the emphasis laid on 
the application character of the individual disciplines and on the area of the future teachers’ skills, who will teach 
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the technical or the nature-oriented disciplines – important is the ability of the independent application of the 
theoretical knowledge with the skills needed. From this point of view, it is also important to include the disciplines 
that link the field-specific didactics to the laboratory technics, which, on one side, helps the teacher to develop 
his/her own psychomotor skills, and, on the other side, states the practical rules and warnings of the typical 
problems during the concrete experiments.  
The constructivist approach, based on the motivation activities of the students of the pedagogy in order to 
develop their thinking and in the creative approach, aims to induce the situations that are going to enter actively in 
the “reaction” with preconcepts of the individual. Most of the time we speak about the effort that leads to the 
realizing of a problem, feeling of the tension between the existing idea and the new information or experience. The 
assumption, however, is to start the diagnostics of the individual’s intuitive ideas of a certain phenomenon, and to 
provide the experience that leads to the cognitive conflict with the given idea. In order to solve the cognitive 
conflict, the individual has to construct or find the new solutions. It is possible to apply it well exactly in the field of 
the experimental work in the school laboratory. In this context, it is the important question the “understanding” – the 
processes of its creation. In the context of the constructivism, the understanding may be understood as the 
interpretation of the new information in the light of the existing knowledge (Grecmanová, Urbanovská & Novotný, 
2000), and also as a process where the individual mentally constructs the meaning and purpose of what he/she 
knows about it and what he/she perceives (Čáp, 2001).  
The instruction can be realized successfully only in the conditions of the complex educational environment – in 
the environment in which the pupil or student wants to and can learn in order to become successful, and to be 
motivated for the further education by the reached results. The creation of the complex educational environment is 
the fundamental competency of the pedagogue conditioning and expressing his/her professional proficiency and it is 
a part of subject-specific competency of the future pedagogues.  
Therefore, in the field of the teacher education of the technically or science oriented disciplines is their 
preparation based on the synergy of the professional and the pedagogically-psychological disciplines necessary. This 
preparation, if it is connected to the creative experimental inquiry work of the student, enables to optimize the 
student’s acquirement of the didactic knowledge of the educational content (Janík, 2008). As especially appropriate 
and often used in practice can be in this context understood the connection of the experimental inquiry-based works 
with the cooperative teaching, which, according to Kasíková (2006), enables to create groups that contribute to a 
higher efficiency of an individual while his/her simultaneous understanding, and to the possibilities of the 
interpreting of the new information based on the already gained knowledge. This is proved and mentioned in a 
publication of Johnson, Johnson and Johnson (1990, p.4): The cooperation is a corporate work in order to achieve 
the corporate aims. The individuals are trying to get the results with a help of the cooperative activities that are 
beneficial for them as well as for all the other members of the group… the cooperative learning is the pedagogical 
usage of a small group in order to maximize the results of each student’s own learning and also the learning of the 
others… in the cooperative educational situations is taking place a positive common dependence in order to let the 
students achieve their aims; the students realize that they can achieve their educational aims only when the other 
students in the educational group achieve their aims as well. 
 
3. The inquiry-based instruction and its implementation in the field of the technical education and the 
education of the science  
 
The pedagogy in the international scale has a number of models of education reflecting themselves from the form 
of the realized learning which is more or less related to the inquiry-based instruction. Mainly should be named the 
“problem-based learning” (see e.g. Du, Kirkebæk, 2012; Torp and Sage, 2002; Boud and Feletti, 1997), the 
transformative learning (see e.g. O'Sullivan, 1999; King, 2005; Taylor, 2006), the experience learning (Kolb, 1984; 
Kilty, 1982; Jackson and Caffarella, 1994), the experiential learning, the active learning (Anderson and De Silva, 
2007; Levine and Munsch, 2011; Settles, 2012), the learning based on examples (Gog and Rummel, 2010; Renkl, 
Hilbert and Schworm, 2009), or the cooperative learning (Grisham, Molinelli, 1995). The inquiry-based instruction 
is an approach that includes the activating methods, different organisation forms and not least the problem-based 
learning where the teacher does not transfer the subject matter with the use of the presentation in the completed 
form, but he/she creates the knowledge with the use of the problem solving and the system of the asked questions.  
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The inquiry itself can have a different purpose in the process of the education, according to which do authors 
such as Rezba, Auldridge and Rhea (1999) divide the inquiry into several types (according to Banchi, Bell, 2008): 
x Confirmative inquiry – the question and approach are given to the students, the results are already known. 
The only purpose of the inquiry is to verify the results by the practise itself; 
x Structured inquiry – the question and approach are told to the students by the teacher, the results are 
already known. The students form an explanation of the given phenomenon on its basis; 
x Focused inquiry – the teacher poses a research question, the students create methodological approach and 
realise it; 
x Open inquiry – the students ask the question on their own, they think about the approach, they perform a 
research and form the results.  
 
Each application in the process of the instruction can be divided on the activities of the pupils and activities of the 
teacher. Therefore, it is possible to encounter with the terms e.g. the IBSL (Inquire-Based Science Learning), which 
is dealing with the pupils’ activities, and the IBST (Inquire-Based Science Teaching), which is dealing with the 
teacher’s activities. The activities of the teachers and pupils are, however, closely related.  
If we omit the different levels of the individual activities and if we do not differentiate the rate of the affecting by 
the teacher, the following stages of the inquiry-based instruction can be defined: 
x the activation of the pupils’ curiosity and the increase of their interest in the scientific problems,  
x the shifting of the pupils’ curiosity towards the educational project: to challenge the pupils to formulate the 
essence of the given problem using their own words,  
x to come from the definition of the problem to the planning of the inquiry-based project; part of it is also the 
defining of the steps that lead to the realisation of the project, 
x the realisation of planned project activities, 
x the confrontation of the results with the reality; the comparison of the concrete results and conclusions with 
the expected results; the individual or the collective validation of the results, 
x the processing of the conclusions that emphasize the knowledge that has already been acquired, and, 
furthermore, the linking of those conclusions with the other scientific problems,  
x the linking of the science with the ethics, technologies, decision making and choosing of the appropriate 
solution.  
 
As it was already outlined above, the problematic of the inquiry-based instruction is solved abroad in a broader 
range than in the Czech Republic and the implementation into the school practice is also more successful. The 
effectiveness of the inquiry-based instruction is also exemplified by the Group for the Science Education of the 
European Commission (Science Education Now: A renewed Pedagogy for the Future of Europe, 2007), which 
published a conclusion that the inquiry-based instruction showed its effectivity in the primary and secondary 
education also at the pupils with the special needs including the talented ones. The finding was, however, not 
declared in a relation to the particular subjects, which causes problems with more concrete analyses.  
The working group of the OECD in relation to the decreasing interest in the science and technical education 
(Evolution of Student Interest in Science and Technology Studies, Policy Report, 2006) declared some remarkable 
recommendations in relation to the indicated conflict. It was stated that in many researched countries was found out 
that the teachers teaching science and technical subjects were not qualified to do so – they lack of subject-specific 
methodological preparation and also the knowledge of the taught subject. Literally (as stated): they are obliged to 
teach subjects for which they do not have appropriate competences. On the basic level, it is expected from the 
teachers to transfer the “essence of the scientific method” and raise the interest and enthusiasm amongst the pupils 
which is rather hard if the teachers themselves lack the appropriate knowledge. Furthemore, it is also stated that the 
transferring of “the essence of the scientific method” is in the educational process realised with the use of the 
inquiry-based instruction. The key factor for our research is the piece of information by the OECD which says that 
the teachers lack the competences that are crucial for the realisation of a high-quality inquiry-based instruction. 
Therefore it seems to be necessary to investigate theoretically not only the significance of the inquiry-based 
instruction, but also the competences including the possibilities of their development.  
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In the Czech Republic, the significance of the inquiry-based instruction is currently being emphasized, which we 
evidence in this paper. Ministry of Education, Youth and Sports of the Czech Republic dealt with a problematic of 
the pupils’ lack of interest in the science and technical study programmes – the results of this research published in a 
research paper “Reasons of the lack of the pupils’ interest in the science and technical subjects” (MŠMT, 2008) 
showed that the pupils decide about their future profession mainly according to their interest. Therefore the science 
and technical education should be realized in a way to stimulate the interest in those subjects. Furthermore, the 
marks from the subjects have a strong influence on the decision making of the following studies. The study 
programmes focused on mathematics and physics lose the ones interested amongst the pupils who have the bad 
marks. This negative external motivation can discourage the pupils to study those subjects sooner than the talent for 
the science or technical subjects would occur. Additionally, there is showed a link between the classification and a 
form of the instruction.  
As one of the most important ways how to solve these problems seems to be a change of the form of the 
instruction with the use of the general presumption that the science and technical subjects are, in comparison to 
humanities, considered as the practical, useful and (therefore) perspective. The problem is that the pupils consider 
them difficult, and they think that for their study is necessary the presence of talent. It was shown in the research 
that a certain role plays also the motivation by the teachers. Therefore it is also needed to motivate the teachers so 
that they stimulate the interest of the pupils.  
Also the researches by the TIMSS (Trends in International Mathematics and Science Study), in which the Czech 
Republic takes part, confirm that the pupils’ and students’ interest in the science decreases. For example, in 1995, 17 
% of the pupils of 4th grade of the basic school refused the science (in which the 5 % of the answers meant “very 
unhappy” about the subject), but in 2007 refused the natural sciences 28% of the participants (in which the 14 % of 
answers meant “very unhappy” about the subject). The pupils of the 8th grade of the basic school in 1995 refused 
mainly the physics and the chemistry (17 %) and in 2007 was mainly refused the physics (27 %) followed by then 
the mathematics (26 %) and the chemistry (22%).   
According to the results of the research PISA, it is shown that the Czech students have acquired a big amount of 
the science knowledge and theories, but it is problem for them to think individually about the problems in the field 
of science, to investigate them, to create the hypotheses, to use the different research methods and approaches, to 
gain and interpretate the data, and to formulate and prove the conclusions.  
The necessity to raise the interest in the science and technical subjects among the pupils is also in the conclusion 
message of the research realized in 2008 by the company Factum Invenio called “The possible participative forms of 
the employers in the system of the identification support and development of the cognitively talented children (13-
19 years old) in the science and technical subjects” (NIDM, 2008). According to this message, the companies feel an 
obvious lack of the technically focused talents on the market. The questioned representatives of the companies think 
that it is caused by the educational system, which does not enable the development of the pupils’ talent; furthermore, 
they mention the lack of the motivation amongst the talented pupils. In the conclusions made by the expert 
commission EU Science Education Now (Rocard et al., 2007), the ways that are used during the instruction of the 
science in schools are considered to be one of the reasons of the declining interest of the young people in their 
studies. Therefore, we encounter (in all of the European countries) with an effort to change the instruction of the 
science and technical subjects. Only 15 % of the European students are satisfied with the quality of the instruction in 
the field of science at school and almost 60 % state that the instruction of these subjects is not interesting enough 
(MŠMT, 2010). 
The support of the interest in the field of the technical subjects and science (Ježková, 2009) should be built on the 
natural curiosity, which should be stimulated and further developed. The science and technical subjects should not 
be taught only as a “theory distant from the ordinary life” but the particular problems should be explained in a 
context of everyday and known situations also in connection to the other scientific disciplines (the interdisciplinary 
approach). It is considered beneficial when the form of the instruction of the science and technical subjects leads to 
the development of the team work ability, the ability of argumentation, discussion, presentation, and the use of the 
mother language or problem solving. The innovative approach should accomplish the following requests:  
- emphasis on the active tasks of the pupils,  
- the necessity to teach the subject in context of the ordinary life,  
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- the linking of the already learnt with the new pieces of information, the new pieces of information with the 
knowledge gained from the other subjects (the interdisciplinary approach), with the context of the practice in the 
companies or the every day situations,  
- the support of the ability to solve problems, to discuss, to argue and to work in team,  
- the individual approach to the pupils, 
- the use of the practical exercises and experiments.  
 
The primary aim is not to change completely the content of education, but to introduce mainly the new innovative 
way of teaching. The change of the instruction has to be done step by step, or (if possible) modularly, and it is 
needed to educate the teacher adequately. The effort of linking the theoretical and the practical level of the education 
is often connected to the use of modern tools and technologies based on the basis of information and communication 
technology, i.a. also the virtual laboratories on the Internet. The distant experiments are a modern tool that realizes 
real school laboratory experiments often controlled via Internet, see more publication by Dostál (2013). 
 
4. Conclusion 
 
As it was mentioned, the inquiry-based instruction is in the Western countries quite spread, and its 
implementation into the pedagogical practice is in the historical context and in the presence supported in many 
different variations, but the pedagogical practice does not always reflect this request. The circumstances, which 
cause this situation, are not really obvious and if they are, it is hard to remove them systematically. The problem is 
mainly the change of the teacher’s thinking in practice, but also of the new ones or the future ones, i.a. the students 
of the pedagogy. There is the inertia obvious and the taking-overs of the passive styles in the education that have 
affected us earlier and which are difficult to change from the long-time point of view into the progressive 
approaches in instruction. That leads to the increased necessity of the development of the particular competencies in 
fields of field-specific didactic disciplines. 
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